In earlier publications it was shown, that antibodies against ferredoxin-TPN-reductase, coupling factor and carboxydismutase agglutinate the lamellar systems (stroma freed chloroplasts) 1_3 . This is only possible, if these proteins are localized at the surface of the lamellar system in such a way, that the antibodies can react with the determinants of the antigens. It is wellknown, that ferredoxin which is involved in a number of photosynthetic electron transport reactions 4 ' 5 , goes into solution during the 
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In earlier publications it was shown, that antibodies against ferredoxin-TPN-reductase, coupling factor and carboxydismutase agglutinate the lamellar systems (stroma freed chloroplasts) 1_3 . This is only possible, if these proteins are localized at the surface of the lamellar system in such a way, that the antibodies can react with the determinants of the antigens. It is wellknown, that ferredoxin which is involved in a number of photosynthetic electron transport reactions 4 ' 5 , goes into solution during the preparation of the lamellar system 6 . So it is necessary in photosynthetic experiments to add ferredoxin to the stroma freed chloroplast preparations. Up to now it is unknown, whether ferredoxin in vivo is dissolved in the stroma of the chloroplasts or bound on specific sites of the lamellar system. To get more exact information about the localization of ferredoxin in the chloroplasts, we prepared antibodies against ferredoxin of spinach and tested the reactions of these antibodies with different preparations of the lamellar system. 
Materials and Methods
Ferredoxin and ferredoxin-TPN-reductase were isolated from spinach while coupling factor and carboxydismutase were obtained from Nicotiana tabacum and Antirrhinum majus. The standard procedures described 7-10 were employed for purification. The purity of the preparations was checked by disc electrophoresis.
Immunization of rabbits: the rabbits were immunized with ferredoxin-TPN-reductase, coupling factor and carboxydismutase according to the procedures already described *> 3 . The immunization schedule for ferredoxin is given in Tab 
Results
The ferredoxin, which was used as the antigen, moved by 115 V and 8 mA in a single coloured band ahead of the indicator bromo-phenol blue towards the anode. If the voltage was increased to 160 V (30 mA) the ferredoxin tended to break down. Antibodies against ferredoxin were observed 21 days after the first injection. The obtained antiserum was monospecific for it showed in the immunelectrophoresis only one line with ferredoxin ( Fig. la) . In the same way the monospecificity of the antiserum against ferredoxin-TPN-reductase could be demonstrated (Fig. 1 b) . This precipitation line of the electropherogram showed a high diaphorase activity. This means, that the ferredoxin-TPN-reductase preparation must have the property of TPNHo-Diaphorase 1 . The monospecificity of the other antibodies used was described earlier 3 .
Therefore it was possible to use these antisera to study the localization of ferredoxin and the other proteins. Chloroplasts freshly released from leaf cells of Antirrhinum were mixed with the antisera against carboxydismutase, coupling factor, ferredoxin-TPN-reductase or ferredoxin. The chloroplasts remained separated for 4 to 5 min and then began to swell. After disruption of the chloroplast membrane (envelope) the released lamellar system agglutinated. Dilution with a drop of water caused an acceleration of this process. In the case of anticarboxydismutase we observed beside the agglutinated lamellar systems a white precipitate of carboxydismutase. Such a white precipitate was absent when this chloroplast preparation was mixed with the antibodies against the other proteins. Hence it follows, that on the surface of the chloroplast membrane the described antigens are absent. With the breakage of the outer membrane the stroma is released and the antigen determinants become accessible to the antibodies. The formation of a white precipitate alongside the green precipitate in the case of anti-carboxydismutase shows, that carboxydismutase is present both in the stroma and on the surface of the thylakoids. Therefore anticarboxydismutase serum can be used as a test material to determine whether chloroplast preparations contain plastids with intact membranes. In this preparation coupling factor, ferredoxin-TPN-reductase and ferredoxin are localized on the thylakoid surface.
The lamellar systems isolated in buffered sucrose medium agglutinated directly with the antibodies against coupling factor, carboxydismutase and ferredoxin-TPN-reductase. There was no white pre cipitate on mixing with anti-carboxydismutase. These lamellar systems did neither react with ferredoxin antibodies nor did they adsorb them, for there was no agglutination after adding the soluble antigen (= mixed antigen agglutination) or antirabbit-7-globulin (=Coombs -test). Ferredoxin. which is easily soluble in water, gets washed off the thylakoids during centrifugation of the chloroplasts.
Water washed lamellar systems or sonicated lamellar systems showed also neither a direct nor an indirect agglutination with anti-ferredoxin serum. Thus ferredoxin is completely absent in lamellar systems prepared by the method used (Tab. 2). The direct agglutination of these lamellar systems with anti-coupling factor or anti-carboxydismutase was previously described 3 . With anti-ferredoxin-TPN-reductase they gave only an indirect agglutination. This is in agreement with the results of BERZ-
BORN
If to such reaction systems ferredoxin was added the lamellar systems were agglutinated by addition of anti-ferredoxin. But this agglutination was not stable. After 7 to 8 min the lamellar systems separated from each other leaving behind a white precipitate. The ferredoxin preincubated lamellar systems however show neither a direct nor an indirect agglutination with anti-ferredoxin-TPN-reductase (Tab. 3). A reasonable explanation for this inhibition is that added ferredoxin will be bound by the flavoprotein molecules and thereby sterically hinder the accessibility of the latter for the ferredoxin-TPN-reductase antibodies. On the other hand it could be argued, that ferredoxin makes a complex which is immunologically inactive. The purified flavoprotein when mixed with ferredoxin and treated with anti-ferredoxin-TPN-reductase however gives a precipitate. Washing the lamellar systems repeatedly with EDTA solutions of suitable concentrations causes a loss in their capacity to agglutinate with anti-coupling factor or anticarboxydismutase, while regaining a capacity to agglutinate directly with the antibodies against the flavoprotein (Tab. 2). This is also in agreement to the results of BERZBORN 1 . The EDTA treated lamellar systems agglutinate with anti-ferredoxin when pretreated with ferredoxin. However ferredoxin pretreatment causes the EDTA washed lamellar systems to lose their ability to agglutinate directly or indirectly with anti-ferredoxin-TPN-reductase. It was shown previously, that EDTA treated lamellar systems bind coupling factor and carboxydismutase when a preparation of the protein is mixed with the lamellar systems 3 . The EDTA treated lamellar systems retain their capacity to agglutinate directly with anti-ferredoxin-TPN-reductase after preincubation with carboxydismutase. However when these lamellar systems are preincubated with coupling factor they are no longer capable of agglutinating directly with anti-ferredoxin-TPN-reductase. They show again an indirect agglutination (Tab. 3). Therefore in the lamellar systems used for this study the flavoprotein is localized between coupling factor molecules. Lamellar systems isolated in a buffer containing sodium chloride showed an irreversible swelling, which was enhanced by light 12 . These swollen lamellar systems agglutinate with antibodies against carboxydismutase and coupling factor, but they do not show either a direct or indirect agglutination when mixed with anti-ferredoxin or anti-ferredoxin-TPN-reductase. These lamellar systems do not have the capacity to adsorb ferredoxin. With respect to the flavoprotein these experiments demonstrate that ferredoxin-TPN-reductase does not go completely in solution during the swelling process but undergoes such a displacement, that its binding sites are no longer accessible for the antibodies and for ferredoxin. In order to test this possibility swollen lamellar systems were disrupted by sonication and combined with the antiserum against ferredoxin-TPN-reductase. A part of the green suspension was precipitated. The ferredoxin-TPN-reductase must therefore be bound to the thylakoids. However when sonicated swollen lamellar systems were mixed with ferredoxin, the adding of anti-ferredoxin did not result in a green precipitate. This suggests, that during swelling the flavoprotein changes its position in such a manner that the ferredoxin and antibody binding sites are different.
Discussion
The adsorption of ferredoxin by the water washed lamellar systems, which followed the inhibition of the reductase-antireductase reaction, indicates the local close binding between ferredoxin-TPN-reductase and ferredoxin. Formation of a complex between reductase and ferredoxin was already demonstrated by spectroscopy 13 . Furthermore the addition of coupling factor to EDTA treated lamellar system, which causes an annulment of the direct agglutination reaction of the lamellar system with antiferredoxin-TPN-reductase serum, demonstrates that the coupling factor molecules are localized in the vicinity of the reductase and therefore effect the sterical hindrance for the antigen-antibody reaction. One can suppose by the experiments with these morphological intact lamellar systems that the antigenic sites of the flavoprotein are identical with the binding sites for ferredoxin. But fresh isolated lamellar systems from leaf homogenate as well as lamellar systems swollen in the sodium chloride medium and by illumination show different behaviour in regard to these above mentioned phenomena. By the fact, that in the lamellar systems in leaf homogenate not only bound ferredoxin could be demonstrated by the respective antibodies but also a reaction with anti-ferredoxin-TPN-reductase took place, we suppose, that in these thylakoids other antigenic sites of the flavoprotein other than that involved in ferredoxin binding are accessible for the antibodies. On the other hand by the completely negative results in the case of the swollen lamellar systems in regard to anti-reductase and the adsorption capacity of ferredoxin we prefer to assume that the thylakoids by this isolation method get distorted to a great extent so that the flavoprotein is no longer accessible for the antibodies. That after sonication of this lamellar system preparation only antigenic sites of the reductase and no binding sites for ferredoxin come out, a possible difference between the inner side of the thylakoids and the surface, which is in contact with the stroma is indicated.
It is difficult to draw some inferences about the in vivo situation of the lamellar system from these different results. However we suppose that in vivo the equilibrium between bound and unbound ferredoxin is on the side of the bound protein. On the other hand it seems certain to us that the thylakoid membrane has specific binding sites for ferredoxin.
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